ABSTRACT. An efficient synthesis of quinoxalines derivatives is described using magnetic material separated from coal fly ash. Coal fly ash is a waste material generated in huge amount by burning of coal for the generation of electricity in thermal power station. It contains SiO2, Al2O3 and magnetic material in significant amounts, from which magnetic material was separated by using magnetic separation method. These separated magnetic material further characterized by XPS, XRD, EDS, FTIR, SEM, TEM and BET techniques. The merits of present method are mild reaction conditions, and also excellent yields and short reaction times.
INTRODUCTION
The methodology for the synthesis of heterocyclic compounds represents a powerful approach for rapid building of molecular complexity from potentially simple starting materials.
1 Nitrogen containing heterocyclics are abundant in nature and exhibit diverse and important biological properties.
2 Quinoxaline derivatives are an important class of nitrogen-containing heterocyclics and known to exhibit a wide range of biological activities including anticancer, 3 antiviral 4 and antibacterial. 5 Also these moieties have been found an applications in dyes, 6 as building blocks in the synthesis of organic semiconductors, 7 chemically controllable switches 8 dehydroannulenes 9 anti-inflammatory, anti-protozoal and anti-HIV, 10, 11 beside, these are also used in the agriculture field as fungicides, herbicides and insecticides. 12 A number of synthetic strategies have been reported for the synthesis of quinoxaline derivatives.
2,13
The most common method in which 1,2-dicarbonyl compound in acetic acid is refluxing for 2−12 h giving 34−85% yield 14 or in high boiling point solvent such as dimethylsulfoxide (DMSO) 15 in the presence of catalytic amounts of molecular iodine. Improved methods have been developed for the synthesis of quinoxaline derivatives including the Bi-catalyzed oxidative coupling of epoxides and ene-1,2-di-amines, 16 a microwave procedure, 17 MnO 2 ,
18
Cerium ammonium nitrate 19 CuSO 4 .5H 2 O, 20 Montmorillonite K-10, 21 polyanilinesulphate salt. 22 However, some of these methods suffer from one or more drawbacks, such as long reaction times, low yields, harsh reaction conditions and tedious work up procedure, therefore, development of an efficient and versatile method is still required.
Coal fly ash is waste product of coal combustion processes in a coal -fired thermal power stations. Large quantities of coal fly ash are produced in electric power plants throughout the world every year. The amount of coal fly ash formed is approximately 500 million tones per year and likely to increase. The global recycling rate of fly ash is only 15%. 23 It is being consumed in the production of constructions materials, in agriculture, metal recovery, in water and atmospheric pollution control, etc.
24 These applications could successful up to some extent to consume part of the huge amount of fly ash. Nevertheless, the search of new applications of the fly ash as either catalyst or as catalyst support material is still ongoing. Literature survey reveals that the fly ash is used as adsorption catalyst for the removal of dyes, 25 whose size and composition are tunable to meet the requirements for a range of applications including magnetic fluids, catalysis, data storage, biomedicine, and toxic waste remediation. 31 The most common methods used to prepare ferrite complex oxides are co-precipitation, sol-gel method, micro-emulsion, etc. However, major drawback of these required precursors is the high starting costs of the raw materials that results in high production cost and also traditional process. To overcome these difficulties, the best alternative source is the coal fly ash which is the waste product of coal combustion in thermal power station. In the present work, separated magnetic material is characterized and used as catalyst for a simple, selective and environmentally acceptable synthesis of quinoxaline derivatives via two component reaction 1,2-diamine and benzyl (Scheme 1).
EXPERIMENTAL

Materials
The coal fly ash was obtained from thermal power station, Parli-Vaijnath, District-Beed, Maharashtra state, India. Other chemicals used were of synthesis grade reagents (Merck) and used as such, without further purification.
Isolation of Magnetic Material from Fly Ash
The coal fly ash slurry was prepared in clean 500 mL beaker by mixing coal fly ash with deionized water in 1:6 Wt/Vol ratio. The slurry was stirred magnetically using magnetic stir bar for 20−30 minutes, during stirring the magnetic material present in the slurry was attached on the surface of magnetic stir-bar, which was removed and collected several times till the magnetic material was separated completely, which was then dried in an oven at 120 o C for 2 h and used as catalytic material. Fig. 1 . shows Photographs of a) coal fly ash and b) isolated magnetic material from fly ash.
Catalyst Characterization
The X-ray diffraction (XRD) patterns of catalysts were recorded on a Bruker D8 advance X-ray diffractometer using Cu-Kα radiation with a wavelength of 1.540 Å. Infrared (FT-IR) spectra were recorded on a FT-IR spectrometer (JASCO, FT-IR, Japan) using dry KBr as a standard reference in the range of 500−4000 cm 
Reaction Procedure for Synthesis of Quinoxaline Derivatives
A mixture of 1,2-diamine (5 mmol), benzil (5 mmol) and catalytic amount of magnetic material (0.1 g) and ethanol (10 mL) was taken in round bottle flask and mechanically stirred for 3−5 min. The reaction progress was monitored using TLC (hexane/ethylacetate (7:3)). When the reaction was complete as indicated by TLC, the reaction mixture was poured on crushed ice. The obtained product was washed with deionized water dried and recrystallized from ethanol to afford pure product. 
RESULTS AND DISCUSSION
EDS Analysis
Fresh fly ash and magnetic material was analyzed qualitatively and quantitatively by EDS method are shown in (Table 1 ). Magnetically isolated material contains an increased amount of iron (33.86%) as compared to fresh fly ash (4.72%).
XRD Analysis
X-ray diffraction analysis was performed to understand the morphological nature of the fly ash and magnetic material. (Fig. 2a) 
Crystallite Size Determination
The crystalline nature and the crystallite size of the sample was analyzed by X-ray diffeaction data. The particle size of the material plays an important role in determining the reactivity of fresh coal fly ash and isolated magnetic material. It was observed that the particles with smaller size exhibited higher reactivity due to availability of higher specific surface area. 32 Generally, the crystallite size was estimated by Debye-Scherrer equation (T = 0.94λ / βcosθ), 33 where T is the particle size, λ is the wavelength, θ is the diffraction angle and β is (FWHM). The mean crystallites size of fresh fly ash is 50 nm and magnetic material is 10 nm.
XPS Analysis
Although the XRD pattern of the samples (Fig. 2b ) clearly show the hexagonal structure, it is very difficult to exclude the possibility of the γ-Fe 2 O 3 phase in the separated magnetic Fe 3 O 4 phase similarity. XPS is one of the most effective way to distinguish the two phases because it is very sensitive to Fe 2+ and Fe 3+ cations. In (Fig. 3c) (Fig. 3b ) shows binding energy of Si (2p) at 102.9 eV, and ( Fig. 3a and d) shows absorption peaks of Al (2p) and O (1s) are at 74.84 and 531.9 eV respectively.
TEM Analysis
The TEM images (Fig. 4) shows the presence of small spherical particles. From TEM images, measured diameter of particles is ~10 nm, which is consistent with the results of XRD analysis. Electron diffraction pattern of magnetic material (Fig. 4d ) reveals that the sample is polycrystalline, which can be indexed to the hexagonal structure of magnetic material and accord with the XRD result. TEM image also show that the magnetic material is roughly spherical in shape. Usually, spherical shapes are 34 Materials are magnetic in nature as well as nano-sized particles are known to have very large surface areas hence, catalytic material will also have high surface energy. Consequently, these fine spherical particles have coated with aluminum silicate network and form aggregated nano-particles. The dark iron center and white aluminum silicate surface of particles are visible. Fig. 5a SEM image of fresh fly ash shows hollow cenospheres, irregularly shaped, mineral aggregates and agglomerated particles. Similar particles were also observed in other reported micrographs.
SEM Analysis
31 SEM image of magnetic material (Fig. 5b) shows sub-angular and spherical particles, increase in spheriodal nature of the magnetic material due to the magnetic separation method. 
BET Analysis
The specific surface area of fresh fly ash and magnetic material are 1.6233 m 2 /g and 105 m 2 /g respectively. Thus magnetic material provided surface for reactant to adsorbed and decrease the time to convert reactant to desired product.
FT-IR Analysis
The FT-IR spectrum of fresh fly ash in (Fig. 6a) shows a broad band at 1060 cm −1 is attributed to Si−O−Si stretching vibrations. (Fig. 6b) shows the IR spectrum of magnetic material. The bands absorptions at 1078, 784, 560 cm 
36,37
The IR spectrum of magnetic material also shows a broad intense band at 3457 cm −1 due to hydroxyl groups on the catalyst surface and peak at 1634 Cm −1 is attributed to bending mode (δ O−H ). 38 It is assumed that during the process of burning of coal at high temperature there is conversion of Fe 2 O 3 into Fe 3 O 4 which may be coated around aluminosilicate framework. However, these peaks are absent in the FT-IR spectrum of the fresh fly ash (Fig. 6a) which do not posses any catalytic activity.
Study of Pyridine Adsorption
The probe of our catalyst acidity and basicity was briefly elucidate by pyridine adsorption, which was carried out taking small amount of catalyst and evacuation was done at room temperature for 24 h and second at 150°C for 2 h. FTIR spectrum of catalyst obtained with evacuation at room temperature (Fig. 7a) shows intensive bands at 1536 and 1444 cm −1 are indicating the presence of Brönsted and Lewis acid sites, respectively on catalyst surface, with which pyridine forms coordination bonds. 39, 40 However, a third band at 1482 cm −1 is widely believed to be the result of a combined contribution of Brönsted and Lewis acid sites. 41 The spectrum also shows bands 3517, 3610 and 3710 cm −1 was due to present of bronsted acidic sites or hydroxyl group on catalyst surface. 42, 43 However spectrum (Fig. 7b) obtained after evacuation at 150°C for 2 h the band 1536 cm −1 was disappeared and band 1631 cm
appear due to the presence of strong proton centers on the catalyst surface, with which pyridine molecules can interact with a creation of Py H + .
39−41
The spectrum also shows bands in region 3500−3700 cm −1 was due to present of bronsted acidic sites or hydroxyl group on catalyst surface. Pyridine adsorption study shows that catalyst posses both Lewis acidic sites and Bronsted acidic sites.
Catalytic Activity Results
The methodology of synthesis of quinoxaline derivatives is reported using very low amount of magnetic material for the reaction of 1:1 mole ratio of benzil and aromatic 1, 2-diamine in ethanol and mechanically stirred at room temperature (Scheme 1), and quantitative yield of the product was obtained in 3−5 min. The results of this synthetic method are found to be inspiring. In the similar manner, a variety of substituted quinoxaline derivatives were synthesized using various substituted benzil and aromatic 1,2-diamines (Table 3) to confirm the role of catalyst; however when the same reaction was carried out in the absence of catalyst, the desired product was not appeared even after 1 h. It means that the catalyst plays a crucial role in the success of the reaction in terms of the rate and yield.
Industrial point of view, the role of catalyst is very important therefore we have studied the quinoxaline reaction at various mili mole of benzil and 1,2 diamine and observed that the yield of the desired product is in the range (94 to 90%) (Fig. 8) . While performing the laboratory scale reaction of quinoxaline synthesis using variable amount of catalyst, the reaction time and yield of the product remained nearly same, this indicates that if the reaction is to be carried out in large scale it is necessary to use the amount of 
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Aashish O. Dhokte, Mahadeo A. Sakhare, Machhindra K. Lande, and Balasaheb R. Arbad the catalyst in proportion to the initial amount of the reactants so as to complete the reaction in this stipulated time with the same yield. In order to present the merits of the present work in comparison with previously reported catalysts (Table 2) , it is observed that magnetic material promotes the reaction more effectively than other catalysts.
The same reaction in the presence of other catalysts required longer reaction times for completion or the reaction works at higher temperature.
Reusability of the Catalyst
Catalyst reusability was tested using the o-phenylene- (Table 4) , which reveals that, the catalyst could be used at least four times without significant loss in catalytic activity.
CONCLUSIONS
The present method describes a simple, efficient and eco-friendly method for the synthesis of various quinoxaline derivatives using magnetic material catalyst. Easy synthesis of catalyst, good stability at working temperature, simple handling, convenient work-up procedure, mild reaction conditions, versatility, recyclability inexpensive and eco-friendly nature of the catalyst, made this method a valid contribution to the existing methodologies. The catalytic material is easily obtained from the waste of power plants and proved to be efficient catalyst on the basis of conversion of reactants to products, this observation can be used to understand the cost effectiveness of the reaction. 
